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Introduction
Experimental facilities available nowdays

help us study wide range of the unexplored
part of nuclear landscape. The nature of
neutron rich nuclei away from beta stabil-
ity line is still a matter under investigation.
Study of nuclei there mainly rely on theo-
retical methods. Since the study of odd nu-
clei is a very challenging task, less studies
have been conducted in this area. The pres-
ence of odd mass nuclei breaks the time re-
versal symmetry, which makes the theoreti-
cal calculations more difficult. A recently de-
veloped method which is an approximation
to the exact blocking, called Equal Filling
Approximation(EFA)[1], serves better in this
case. In EFA, the unpaired nucleon is treated
in an equal footing with its time reversed part-
ner. i.e, the unpaired nucleon is assumed
to occupy half in a given orbital and half in
its time reversal partner. Thus it preserves
the time reversal symmetry. In the present
study we have made an attempt to investigate
systematically the one-quasiparticle states in
odd-A La isotopes.

Theory
For the present study we have adopted

the Hartree Fock Bogoliubov(HFB) theory[2].
The ground state wave function of an even-
even system is given by the quasiparticle vac-
uum condition, i.e, βµ|Φ >= 0. In the case of
odd nuclei ground state is given by one quasi-
particle excitation,|Ψ >= β†µB

|Φ >.
For the treatment of odd nuclei we adopted

the EFA. In EFA, for preserving time reversal
symmetry, the state µB and its time reversal
partner µ̄B are included with equal status in
the density matrix ρ and the pairing tensor

∗Electronic address: nithu.ashok@gmail.com

κ[3]. The final HFB equation is given by,(
hEFA ∆EFA

−∆EFA∗ −hEFA∗
)(

Un
Vn

)
= En

(
Un
Vn

)
(1)

The total HFB-EFA energy is given by

EEFA,µB =Tr[tρEFA,µB ] +
1

2
Tr[ΓEFA,µBρEFA,µB ]

− 1

2
Tr[∆EFA,µBκEFA,µB ]

(2)
In the mean field part we have employed the
zero range Skyrme interaction with SIII, SKP
and SLY5 parametrizations and in the pairing
part density dependent delta interaction in its
mixed form is used[4]. The Skyrme HFB equa-
tion is solved by using cylindrically symmetric
harmonic oscillator and transformed harmonic
oscillator basis[5].

Results and Discussion
An odd nucleus is picturised as even-even

core plus an unpaired nucleon. We have se-
lected isotopes of La away from beta sta-
bility line ranging from A=151 upto 2n-
dripline. Here Ba isotopes are taken as the
e-e core. The unpaired nucleons or the quasi-
particles are labeled by Nilsson quantum num-
bers [NnzΛ]Ω . Calculations are performed by
selecting all the possible quasiparticle states
near to the Fermi level. The state with mini-
mum HFB energy is considered as the ground
state. Fig.(1) illustrates the quasi particle
excitation energy for some relevant states.
The hole states are plotted below and par-
ticle states above the ground state. From
Fig.(1) we can see that the change of basis
does not produce much difference in the ener-
gies of quasiparticle states except for certain
isotopes. But quasiparticle energies are highly
sensitive to the choice of Skyrme forces. For
eg. in the case of 157La we obtained [420]1/2+,
[422]3/2+ and [550]1/2- as the ground state
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FIG. 1: One quasi particle energies for different Skyrme forces in La isotopes.
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FIG. 2: Plot of binding energy vs mass number.

for SIII, SKP and SLY5 respectively. Sim-
ilar observations are obtained for other iso-
topes also. For certain isotopes, ground states
of SIII and SLY5 matches. In the case of
SIII, ground state of 151−157,169,171La corre-
sponds to [420]1/2+, 163−167,173,183,185La cor-
responds to [413]5/2+. In SKP, ground state
of 151,165−177La, 179−185La corresponds re-
spectively to [411]3/2+, [413]5/2+. For SLY5,
we get [420]1/2+, [404]9/2+, [413]5/2+ as
the ground state for 151,152La and 159−163La,
177,183,185La respectively. The mismatch of
energy between different Skyrme parameters
can be accounted with the difference of the
effective masses. The level density of single
particle states is related to the effective mass
and low effective mass leads to the stretch-

ing of single particle energy levels [6]. Mean
field theory gives only a qualitative descrip-
tion of one quasiparticle spectra. In Fig.(2)
we have plotted the binding energies corre-
sponding to the obtained ground states and
are compared with available experimental val-
ues and FRDM results. Since the experimen-
tal values are not available we can’t conclude
which parametrization describes the quasipar-
ticle states the best.
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